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Arboviruses 83, see Alpha- and Flaviruses in
Chapter 8
Arenaviridae 1, 3, 18, Chapter 6, Tables 1-1
to 1-3
Arthropod borne viruses
in Bunyaviridae 83
orthomyxovirus-like 66
in Togaviridae 120
Arthropod cells 120, 122, 124, 125, 135, 143,
Fig. 8-15
Asparagine residues, on nascent polypeptide
chain 9
ASV, see Avian sarcoma virus
Attachment, of virus to cells 47, 70, 85
Autoradiography, of RNA synthesis in cells
infected with
Alphavirus 131
Flavivirus 128
Avian infectious bronchitis (IBV), a coronavirus
101
E1 glycoprotein
cloned gene 104
N-linked oligosaccharides 103
E2 glycoprotein, proteolytic cleavage 104
genome 101
mRNAs 101
Avian leucosis virus (ALV) 164
Avian sarcoma virus (ASV) 149, 153-155, 158,
160, 161, 164, 166, 170, Tables 9-1 to 9-3, Fig.
9-6

Basement membrane and viruses 129, Fig. 8-4
BCV, see Bovine coronavirus
BHK-21 cells, infected with
Alphaviruses 134
sendai virus 60
Border disease virus, a pestivirus 120
Bovine coronavirus (BCV) 101
Bovine diarrhea virus, a pestivirus 120, 148
Bovine rotavirus 171, Fig. 10-5
Bud, see #nder Virus budding
Budding sites
assocation of virus components at 35
at apical pole of epithelial cells 14,113
Coronaviridae 113
Flaviviruses 144
Orthomyxoviridae 75, Fig. 14 a
Paramyxoviridae 14
at basolateral membrane of epithelial cells
14,113

Coronaviridae 113
Retroviridae 166
Rhabdoviridae 32, Fig. 14
clustering of spikes at 16
at ER 32
Alphaviruses, in invertebrate cells 135
Bunyaviridae 86
coronaviruses 111, Figs. 7-6, 7-11
Flaviviruses 399, Figs. 8-13
817
Pestiviruses 148
Retroviridae 161, Fig. 9-13 ¢
Rhabdoviridae Fig. 2-6
Rotaviridae 176—178, Figs. 10-3, 104,
10-6 ‘
at Golgi apparatus13, 14, 86, Figs. 5-2, 5-3
Alphaviruses in monensin treated cells
134, Figs. 8-6, 8-7
Bunyaviridae 86, Fig. 5-3
Coronaviridae 100, 104, 111
Flaviviruses 142, Fig. 8-14
at intracytoplasmic membranes
Bunyaviridae 79, 86, 106, Figs. 5-2, 5-3
Coronaviridae 101, 106, 111
Flaviviruses 143, 144
non-arthropod borne togaviruses 148
pestiviruses 148
Retroviridae 166
Rhabdoviridae Fig. 2-10, inset
rubiviruses 147
at mitochondrial membranes, rotavirus 179
at nuclear cisternae
Alphaviruses, in invertebrate cells 137
rotaviruses 179
at plasma membrane 18
Alphaviruses, in vertebrate
126—131, 135, Figs. 8-2 to 8-5
Arenaviridae Figs. 6-3 ¢, 6-5
Coronaviridae 115
Flaviviruses 142, Figs. 8-15, 8-17
Orthomyxoviridae 77, Fig. 4-5, 4-7
Paramyxoviridae 57, Fig. 3-7, 311
pestiviruses 148
Retroviridae Figs. 9-1, 9-7 to 9-10, 9-13
Rhabdoviridae 32, Figs. 2-5 a, 2-7
rubiviruses 147
role of transport of virus glycoproteins in 14,
Table 1-1
Bunyamwera virus, a bunyavirus 84
Bunyaviridae 83, 89, 106, Chapter 5
Bunyavirus 83

to 8-15,

cells 124,

C protein, Table 1-2
of Alphaviruses 123, Table 8-1, Figs. 8-9,
8-10
amino acid sequence 123
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interaction with RNA 123,126
interaction with virus glycoproteins 123
mutations 131,134
organization in NC 126
protease activity 123,124
translation 124
of Sendai virus 45, 46, Table 3-1, Fig. 3-11
Canine coronavirus (CCV) 101
Canine distemper virus (CDV) 44, 51, Fig. 34
Caps, see messenger RNA
Capsid, Rotaviridae 171, 177, 181, Figs. 101,
10-6
double shelled 171, 177, 181, Fig. 10-6
inner 171,172, 174, 177—179, Figs. 10-2, 10-6
outer 171,177, Figs. 10-2, 10-6
Capsomers, rotavirus 174,177, 182, Fig. 101
Carbohydrate chains, see Glycosylation
Carboxyl-terminus of
C protein of Alphaviruses 126
E, of Alphaviruses 123
G protein of VSV, see G protein
gag of Retroviridae 153
HA protein of influenza virus 70, 73,
Fig. 4-3
HN protein of paramyxoviruses 50
NA protein of influenza virus 73
p62 of Alphaviruses 127
virus glycoproteins 7, Fig. 1-2a
CCV, see Canine coronavirus
CDV, see Canine distemper virus
c¢DNA, see under Complementary DNA
Cellular proteins, see Host cell proteins
Cell
compartments 2, Fig. 1-1
fractionation studies of
Alphaviruses infected cells 124
influenza virus infected cells 68
Flaviviruses infected cells 139
rotaviruses infected cells 177
VSV infected cells 28
fusion, see under Fusion
organelles 2, Fig. 1-1
Chick embryo fibroblasts, infected with in-
fluenza virus Fig. 4-5
Chimeric proteins, Alphaviruses 136
Cholesterol, in virus envelope 2
Chronic infection, see #nder Persistent infection
Clathrin 2, 3, 10, Fig.1-1
Clathrin-coated
baskets, Fig. 2-8 a
pits 2, 3, Figs. 1-1, 2-5 a, 4-7
vesicles, in transport of G 28
Cleavage, see under Proteolytic cleavage
Clones, molecular, of virus genes 20, see also
Nucleotide sequencing
Alphaviruses 122,123,136

coronaviruses E1 104
Flaviviruses 138—140, 147
influenza virus
of HA gene 14,73
of NA gene 73
Paramyxoviridae 46
VSV, G gene 28
M gene 25
N gene, expressed in cells 26
Coiling, of nucleocapsid, see Nucleocapsid
coiling
Complementary DNA (cDNA) 3
Concanavalin A (Con A) 12, Table 14, see also
Virus budding
Core, see also Nucleocapsid (NC)
of retroviruses Figs. 9-1a and b 9-ll¢, d
and e
atypical 164
binding sites with envelope 164
isolated Fig. 9-10b
multiple and tubular 166, 170
of rotaviruses 177, 181, Fig. 10-6
Core shell, of retroviruses 13, 153, 170, Table
9-1, Figs. 9-11a,cand d
hexon subunits 164, 170, Fig. 9-10 b
proteins, see also p27, p28, p30
absent in ts mutant 164
EM localization, visnavirus 163,Fig.9-10a
Friend leukemia virus Fig. 9-10b
multimer 164
p28 Fig. 9-5
p30 Fig. 94a
Coronaviridae 1, 3, Chapter 7, 131
budding in Golgi and smooth ER 13,16,100,
104, 111
post-release maturation 19, 113 .
virus shape 18,113
CPV-l, see under Type 1 cytopathic vesicles
CPV-2, see under Type 2 cytopathic vesicles
Cross-linking studies, of virus proteins
with antibodies, retroviruses 166
with Con A, VSV 36, Table 14
CV777, see Porcine enteropathic coronavirus
Cytochalasin B, D Table 14, effects on
measles virus infection 19, 58, Fig. 3-9
VSV infection 19, 36
Cycloheximide, effect on alphavirus glycopro-
tein 124
Cytopathic vesicles, see under Type 1 and 2 cyto-
pathic vesicles
Cytoplasmic vesicles, see Vesicles
Cytoskeleton 2, 10 Figs. 1-1
actin, role in virus assembly 2, 58
Cytotoxicity, T cell mediated
in coronaviruses 105
in influenza virus 71
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Dakar bat virus, a non-arthropod borne toga-
virus 136
Deep-etching, see Fast-freezing
Defective assembly and budding
Alphaviruses 131, 135, Figs. 8-6 to 8-8
Coronaviridae Figs. 7-6, 7-8
LCMV 90
Paramyxoviridae 60
Rhabdoviridae 19, 40
Rotaviridae 179, Fig. 104
Defective-interfering (DI) particles
of Alphaviruses 126
of paramyxoviruses 60
of VSV 35,41, see also Defective assembly and
budding
Deletion, see Genetic manipulation
Dengue virus, a Flavivirus Figs. 8-11, 8-12
Deoxy-D-glucose (2), see Glycosylation inhibi-
tors and Glucose
Detergent
action on retrovirion 170
solubilization, Alphavirus glycoprotein 125
DI particles, see Defective-interfering particles
Digitonin, effects on VSV M protein 25
Disulfide bonds, see Virus glycoproteins
Double stranded genome, see Virus genome
Drift, antigenic, influenza A, B 66

E, glycoprotein, Tables 1-2, 1-3
of Alphaviruses 123,124,127,131,134, Table
8-1, Figs. 8-6, 8-9, 8-10
of Coronaviridae 102—104, 106, Table 71,
Figs. 7-3, 71, 712
O-linked glycosylation 9,103,106
role in budding site 13, 104
self-aggregation 104
E, glycoprotein, Tables 1-2, 1-3
of Alphaviruses 123, 127—129, Tables 8-,
Figs. 8-6, 8-9, 8-10
of Coronaviridae 103—107, Table 7-1, Figs.
7-3,7-5, 7411, 7-12
E; protein of Alphaviruses 123,127,134, Tables
1-2, 81, Figs. 8-6, 8-9, 8-10
Eastern equine encephalitis (EEE), an Alpha-
virus 121
EDIM, see Epizootic diarrhea of infant mice
EEE, see Eastern equine encephalitis
Electropherotypes, rotavirus 173
Encapsidation of RNA, see also Nucleocapsid
assembly
Bunyaviridae 84
coronavirus nucleocapsid 103, 108
Orthomyxoviridae 79
Paramyxoviridae 45
rotavirus 177

signal on virus genome 12,13, 126
VSV 23,30
Endoplasmic reticulum (ER) 2, 5, 7, Figs. 1,
1-2, 1-3a, 2-10, 3-11, 4-3, 4-7, 5-3, 6-5,
7-11, 8-9, 8-17, 9-13, 10-6
HA and NA of Orthomyxoviridae 71,73,75,
Fig. 4-2
HN and F of Paramyxoviridae 48, 50
M protein of Paramyxoviridae 48
microsomal fraction
Alphavirus glycoprotein complexes 125
Flavivirus proteins 139, 140
of measles virus infected cells 54
of rotavirus infected cells 178,179
retrovirus env 158
rough 5,7,48,71, 73, Figs. 1-1,1-2, 4-3
signal receptor 5,124, Fig.1-2a
Togaviridae proteins 124, 140143, Figs. 8-2,
8-7
transmembrane protein, orientation in 86,
124, Fig. 1-2
virus budding at, se¢e Budding site
VSV G protein 28
Endosomes 3
Alphavirus 12
rotavirus uncoating in 173, 181, Fig. 10-6
virus fusion with 19
Enterocytes, rotavirus binding to 173
Enucleated cells, viral replication in
Alphaviruses 135
Bunyaviridae 84
paramyxoviruses 46
Rhabdoviridae 135
env, of Retroviridae Tables 1-1, 1-3, Fig. 9-2
gene 35,151,153
mRNA 163
protein 1 and 2 154, 166, Table 9-3, Figs.
912, 9-13
cleavage 10, 14,158, 166
glycosylation and transport 158, Fig. 9-13
interaction with gag 164,166, 168
in pseudotypes 164
role in budding 166
Envelope, se¢ under Virus envelope
Envelopment, see #nder Virus budding
Epithelial cells, see Budding sites
Epizootic diarrhea of infant mice (EDIM virus),
a rotavirus 171
Equine arteritis virus, a non-arthropod borne
togavirus 148
ER, see Endoplasmic reticulum
Exocytosis, see #nder Secretion
F protein, of Paramyxoviridae 45, 50, Tables
1-2, 31, Figs. 311, 3-12
Fo protein, of Paramyxoviridae 47, 50, 51,
Tables 1-2, 3-1, Figs. 31, 3-11, 3-12
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F, protein, of Paramyxoviridae 47,50,75,Table
1-2, Figs. 3-11, 3-12
F, protein, of Paramyxoviridae 47, 50, Tables
1-2, 31, Figs. 31, 312
Fast-freezing, deep-etching 20, 57, 142, Figs.
2-8aand b
Fatty acids, in G protein 28
Feline infectious peritonitis (FIP) virus, a
coronavirus 101
Filaments
in arena virion Figs. 6-3d, 6-6
in arenavirus infected cells Fig. 6-2 ¢
in Flavivirus infected cells 144, Fig. 8-16
FIP, see Feline infectious peritonitis
Flaviviruses 1, 3, Chapter 8, Tables 1-1, 1-2,
1-3, Figs. 8-11 to 8-18
virus budding 19, 106
Fluorescence, see Immunofluorescence
Freeze drying, of retroviruses 170, Figs. 9-10 b,
9-11a
Freeze-fracture, of cells infected with
measles virus 54
Sendai virus 54, 57, Fig. 3-5
visna virus Fig. 9-9b
VSV 40, Fig. 2-7, upper inset
Friend Leukemia virus Figs. 9-1a, 9-8, 9-10 b,
9-11a,c,d and f, 913 ¢
Fusion of cells
Alphaviruses, E; glycoprotein 123, Table
8-1
coronaviruses 105, 107, 111, Table 7-1
paramyxoviruses 47, 50, 58, 60, Figs. 3-3,
3-7, 3-11
of vesicles at plasma membrane 131,135,144,
Figs. 1-1, 1-3 a, 8-17
of virus envelope with cells 19, 47
of virus envelope with endosome 3,121,126
Figs. 4-7, 8-9
in virus release 19
Fuzzy nucleocapsids, see Nucleocapsid

G protein of VSV 22, 25, Tables 1-2, 1-3, 2-1,
Figs. 2-10, 2-11
amino terminus 25
anchorless, secreted in transfected cells 28
association with
M protein 25
plasma membrane Figs. 2-2b,2-3b
carboxyl terminus role
in assembly 25, 32, 35
in recognition of M-NC complex 35
in selective incorporation of G into virion
32
clustering of G molecules 35, 36
glycosylation 26, 40
homology with rabies G 22

°

hydrophobic domains 25, Table 2-1
immunolabeling Figs. 2-2b, 2-3a and b
neutralizing antibodies to 25, Table 2-1
number of molecules in virion spikes 25,42
in pseudotypes with retrovirus 164
role in virus budding 32, 36
signal sequence 28
sulfation 12
synthesis on RER 28, Fig. 2-10
three main domains 25, Table 2-1
transport 14, 28, 32
ts mutants 28, 35, 36, see also Temperature
sensitive mutants
tunicamycin, effect on 10, 32
G, Table 1-2
glycoprotein of Bunyaviridae 84, 85, Table
5-1, Figs. 5-1, 5-3, 54
immature form of G protein of Rhabdo-
viridae 28
G,, Table 1-2
glycoprotein of Bunyaviridae 84, 85, Table
5-1, Figs. 5-1, 5-3, 54
immature form of G protein of Rhabdo-
viridae 28
gag, of Retroviridae, Fig. 9-2, Table 1-2
gene 153
protein 1 to 5 Table 9-1, Figs. 9-2, 9-4, 9-5,
9-12, 9-13
amino-terminus gag 1 164
cleavage Figs. 9-6, 9-13
in cytoplasm, visna 156
at the membrane 155, 160, 163
in released virions 164
reduced in ts mutants 164
clustering at budding sites 163
domains 153
inclusions, MMTV 160
interactions with env 164, 166
interferon effect 16—18, 163
glycosylated gag 153—155, 158
number in virion 154
phosphorylation 153
role
in assembly 163
in encapsidation 160
synthesis 155

ts mutants, see temperature sensitive
mutants
gag-pol protein, in Retroviridae, Tables 1-2, 1-3,
9-2, Fig. 9-13
cleavage

in membrane 158
in virion 168
GP, and GP,, glycoproteins of Arenaviridae 91,
92, 95, Tables 1-2, 6-1, Figs. 6-3a and b, 6-5,
6-6
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GPC, glycoprotein of Arenaviridae 91, 92,
Tables 1-2, 1-3, 6-1, Fig. 6-1

gp36, glycoprotein of MMTV 154, Tables 1-2,
9-3

gp37, glycoprotein of ASV 154,158,164, Table
9-3

gp52, glycoprotein of MMTV 154, Tables 1-2
and 9-3

gp70, glycoprotein of MuLV 154, Tables 1-2,

9-3

carboxy-terminus 155, Fig. 9-3
cross-linking by antibodies 166
disulfide bonds 154, Fig. 9-3
monensin 166, Fig. 94 b
in spikes 170

gp80 gag, glycosylated gag polyprotein 153,
158

gp80—90 MuLV env precursor 154, Table 9-3
gp84, glycoprotein of IBV 105
gp85, glycoprotein of ASV, Table 1-2, Table 9-3
defect in mutants 158, 166
disulfide-linked multimers 154, 158
gp93, glycoprotein of IBV 105
gP173, MMTV env precursor 154, Table 9-3
Genetic manipulation 12, 20
deletion in a glycoprotein gene 7, 73, Figs.
1-2b,4-3a,band ¢
Genes, see also Virus genome
bicistronic
in Orthomyxoviruses 67, Fig. 4-1
in Paramyxoviruses 46, Fig. 3-1
coding assignments
influenza virus 67, Table 4-1, Fig. 4-1
Rotavirus 173, 174, Table 10-1
complementation 80
reassortment in
arenaviruses 91
bunyaviruses 84
orthomyxoviruses 79
rotaviruses 173
sequencing, see under Nucleotide sequen-
cing
Genome, see under Virus genome
Giant cells, see Fusion of cells
Glucosamine, D, see under Glycosylation
Glucose, 2-deoxy, a mannose analog, see #nder
Glycosylation
Glycoproteins, see under Virus glycoproteins
Glycosylation
Alphavirus 124
alteration by interferon, G of VSV 40
endoglycosidase H 9
cleavage in rotavirus glycoproteins
176
coronavirus E2 glycoprotein 106
fucose 9

G of VSV 28,29
galactose 9
glycosyltransferase, in trans Golgi 9,124
inhibitors 10, Table 1-4
D-glucosamine 10, 50, 73
tunicamycin 10, 32, 50, 73, 111, 178, Fig.
104
2-deoxy-D-glucose 10, 51, 73
N-acetylglucosamine 9
O-glycosidic linkage 9, Table 1-3
coronavirus E1 (MHV) 103, 106
oligosaccharide
mannose rich 9, Table 14
Alphavirus 124
G of VSV 28
rotavirus 5,176
N-linked core 9, Table 1-3
coronavirus E1 (IBV) glycoprotein 103
coronavirus E2 glycoprotein 104
role in conformation and function of glyco-
proteins 10, 28, 29, 50, 73
sialic acid 9, 70
terminal sugars, Alphavirus 124, Fig. 8-6
UTP pool, in activation of sugars, Table 1-4
Gold, colloidal, labeled antibodies 20
in Alphavirus infected cells 124, 134, 135,
Figs. 8-2, 8-7
in VSV infected cells Fig. 2-3b
Golgi apparatus 2, 86, 87, Figs.1-1,1-3a and b,
2-2b, 2-3a, 2-10, 3-2c, 4-2c, 7-3, 8-2,
84, 8-6, 8-7, 8-14, 9-13
acylation, Alphavirus glycoproteins 124
cis face 9
communication with RER 9
isolation of Golgi vesicles with attached
Alphavirus NCs 135
medial cisternae 124, 135, Fig. 8-7
protease, Alphaviruses, cleavage of p62 124,
129
thiamine pyrophosphatase 106, Figs. 7-3,
8-7
trans face 106, Figs. 7-3, 8-7
transport of glycoprotein to or through 2,9,
14, Figs. 1-3, 3-2 ¢, 3-11, 4-2 ¢, 4-7
Alphavirus 134, 135, Fig. 8-6, 8-7
Arenaviridae Fig. 6-5
blocked by monensin 14, 134, 135, 166,
Figs. 8-6, 8-7
Coronaviridae E1 and E2 glycoprotein
104, 106
G protein of VSV 28, Fig. 2—10
Paramyxoviridae 50
Retrovirus gp80,,, 158
Rotavirus VP; 176
vesicles 9
virus budding in, see Budding site
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HA protein, see under Hemagglutinin

HA, and HA, proteins, subunits of hemag-
glutinin of Orthomyxoviridae 70,75, Tables
1-2, 4-1

Halt transfer signal, in glycoprotein 7, 73, Fig.
1-2aand b

HCV, see Human respiratory coronavirus

HelLa cells
infected with influenza virus Fig. 44
infected with measles virus 58, 63

Hemagglutinating activity 47, 70, 123, Table
8-1

Hemagglutinating  encephalomyelitis  virus
(HEV), a coronavirus 101
Hemagglutination

of Alphaviruses 123, Table 8-1
of coronaviruses 108
of Flaviviruses 139, 144, Table 8-2
of influenza virions 70
of Paramyxoviridae 44
of rotaviruses 174,175, Table 10-1
Hemagglutinin (HA), virus glycoprotein, Tables
1-2,1-3
of morbilliviruses 47, 48, 50, 54, Fig. 3-1
of Orthomyxoviridae 9,12,14,67,70,71,73,
75, Table 4-1, Figs. 1-3b, 4-1 to 4-3,
4-7,4-8
of paramyxoviruses (HN) 45,47,48,50, 51,58,
60, Table 31, Figs. 3-1, 3-2, 3-11, 3-12
Hemolysis, role of F protein of Paramyxoviridae
47, 64
Hemorrhagic fever 90
HEV, see Hemagglutinating encephalomyelitis
virus
Hexon subunits, in MuLV core shell 164, 170,
Fig. 910 b
HN protein, see under Hemagglutinin
Hog cholera virus, a pestivirus 120, 148
Host proteins
exclusion from virion 14,16, 18, 40,127,163,
Fig. 9-9b
hydrophobic 47, 70
inhibition of synthesis 23, Fig. 2-10
lipid binding 47
in polarized cells 14
in virion (pseudotypes) 16, 35, 57, Fig. 3-12
HTLV, see Human T cell leukemia virus
Human enteric coronaviruses 108, Fig. 7-1
Human respiratory coronaviruses (HCV), OC43
and 229E 101
Human rotaviruses 171, Fig. 10-1
Human T cell leukemia virus (HTLV) 149
HYVJ, see Sendai virus

IAP, see A particles, intracisternal
IBV, see Avian infectious bronchitis virus

Image analysis, computerized 20
Immune response
cellular, to M protein of influenza 70
protective, to Alphaviruses 121
systemic and local, to rotaviruses 172
Immuno gold, see under Gold, colloidal
Immunofluorescence of virus proteins in cells
infected with
Alphaviruses 124
coronaviruses Fig. 7-3
El 106, Fig. 7-3
E2 105,106
N protein 105
Flaviviruses 139, 140, Fig. 8-12
influenza virus 91, Fig. 4-2
LCMV 92, Figs. 6-2a and b, 6-3a and b
measles virus 48, 51, 63, Fig. 3-2
MMTV 155, 160, Fig. 9-5
MuLV 155,163, Figs. 94 a,b,cand d
Sendai virus 48
VSV
G protein Fig. 2-2b
M protein 35, Fig. 2-2d
N protein 26, 35, Fig. 2-2a
NS protein Fig. 2-2¢
Immunoferritin 87, Fig. 2-3b
Immunoperoxidase, localization of
G of VSV 28,Fig. 2-3a
HA of influenza virus Fig.1-3b
P;, of visna virus Fig. 9-10a
paramyxovirus proteins 58, Fig. 3-8
rotavirus proteins 175-177, 179, Fig. 10-2
Inclusions, Table 1-1
crystalline-like, in orthomyxovirus 77
cytoplasmic 19, in cells infected with
arenaviruses 95, Fig. 6-2 ¢
coronaviruses 109, 115, Figs. 7-6, 7-8
Flaviviruses 144, Fig. 8-16
measles and CDV 92, 95, Figs. 3-3, 34
MMTV 160, Figs. 9-5, 9-7 a
rhabdoviruses 32, Fig. 2-5a and b
fibrillar, in Coronaviruses 115, Fig. 7-9
filamentous
in arenaviruses 95, Fig. 6-2 ¢
in Flaviviruses 144, Fig. 8-16
nuclear 19, in cells infected with
Alphaviruses 135
measles and CDV 51, Figs. 3-3, 34
Rotavirus 179
reticular, in coronaviruses infected cells 115,
Fig. 7-8
ribosomal, in arenavirus infected cells 95
tubular, in cells infected with
Alphaviruses 135, Fig. 8-8
coronaviruses 117, Fig. 7-10
Flaviviruses 144, Fig. 8-16 ¢
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rotaviruses 179, Fig. 10-5
Infectivity, viral
enhanced by proteases
in coronaviruses 107, 108, Table 7-1
in rotaviruses 117, 174—176, Table 10-1
of intracisternal virions of flavivirus 144
Influenza viruses, Chapter 4
A 66, 67,71, Fig. 4-3b
B 66, 67
C 66, 67
Inhibitors
of DNA synthesis, see under alpha amanitin
of glycosylation, see Glycosylation
of protein synthesis, see under Cycloheximide
of RNA synthesis, see under Actinomycin
Integration 3, see Virus genomes, Retroviridae
Insect cells, see under Invertebrate cells
Interferon
as cause of defective glycosylation and
assembly of VSV G 18, 40
effect on clustering of gag and env 18,163
Intermediate filaments, five sub-classes Fig. 1-1
Intramembrane particles, in cells infected with
measles virus 54
Sendai virus 54, 57, Fig. 3-5
visna virus 163, Fig. 9-9b
VSV 40, Fig. 2-7, upper inset
Invertebrate cells, infected with
Alphaviruses 121, 124, 131, 134, 135
Flaviviruses 143, 144, Fig. 8-15
rhabdoviruses 21
Ionic strength, effects on NC coiling, see Nucleo-
capsid

Japanese B encephalitis viruses, a flavivirus 144
Junin virus, an arenavirus 90

Karimabad virus, a bunyavirus 89
Knobs, see Spikes, Fig. 9-11a

L 929 cells, infected with LCMV Figs. 6-2 b,
6-3aand b
L gene
of Arenaviridae 90, Fig. 6-1
of Bunyaviridae 84, Table 3-1, Figs. 5-1, 5-3
of Paramyxoviridae Fig. 3-1
of Rhabdoviridae Fig. 2-1
L protein Table 1-2
of Arenaviridae 91, 92, Table 6-1
of Bunyaviridae 84, 85, Table 5-1, Fig. 5-3
of Paramyxoviridae 45, 47, Table 3-1
of Rhabdoviridae 22, 23, 25, 26, 30, Table
21, Fig. 2-10
L segment
in arenaviruses 90, 91, Figs. 6-1, 6-5, 6-6
in bunyaviruses 84, Fig. 5-1

LA protein, role in VSV transcription 23
Lactic dehydrogenase virus (LDH), a togavirus
135,148
Lassa virus, an arenavirus 90, Table 6-1
LCMV, see Lymphocytic choriomeningitis virus
Leader sequence
in coronaviruses 102,103, Fig. 7-2
in Paramyxoviridae Fig. 3-1
in rhabdovirus VSV 21, Fig. 2-1
encapsidation signal 13, 30
LA protein binding 23
in nucleus 23, Fig. 2-10
Lectin, effect on influenza budding 79
Lentiviruses (visna) 149
Lipid bilayer
in virus envelope 1,127 .
M protein interaction with Table 1-5
increased density in arenavirus infection 14
Lipid binding proteins 16
Lipids
in rotavirus pseudo envelope 177
in virus envelope 1
Liposomes, containing M, protein of influenza
virus 70
Long terminal repeat (LTR), in Retroviridae 151
regulatory signals 163, Fig. 9-2
Lymphocytic choriomeningitis virus (LCMV),
an arenavirus 90—92, 95, Table 6-1, Figs.
6-2b,6-3aand b
Lyssa virus, a genus of Rhabdoviridae 21, 22
accumulation of NC in cytoplasm 32
budding sites 32
shape 41

M gene
of Bunyaviridae 84, Figs. 5-1, 5-3, Table 5-1
of Paramyxoviridae Fig. 3-1
M protein, see under Membrane protein
M,, membrane protein of Orthomyxoviridae
67—70, 71, 75, 77, 79, Tables 1-2, 1-3, 9-1,
Fig. 441
non-structural protein of rabies virus 22
M,, membrane protein of Orthomyxoviridae
67,70, 77, Tables 1-2, 4-1
membrane protein of rabies virus 22
M3, polypeptide of Orthomyxoviridae, in in-
fected cells only 70, Tables 1-2, 4-1, Fig. 4-1
Machupo virus, an arenavirus 90
Madin Darbey bovine kidney (MDBK) cells
Fig. 2-2
Madin Darbey canine kidney (MDCK) cells
infected with 14
influenza virus Figs. 1-3 b, 14 a, 4-5
VSV Fig.14b
Mammary gland, infected with MMTV Figs.
9-5, 9-7
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Mason-Pfizer monkey virus (MPMV), a retro-
virus 149, 160, 166, Fig. 9-13 b
Matrix protein, see Membrane or M protein
MDBK cells, see Madin Darbey bovine kidney
cells
MDCK cells, see Madin Darbey canine kidney
cells
Measles virus, a paramyxovirus 44, 46, 48-51,
54, 57, 58, 60, 62, Figs. 3-1 to 3-3, 3-6, 3-7,
3-9, 311
Membrane fluidity
alteration by interferon 18
after fixation 141
lateral diffusion of proteins 36
photobleaching 36,125
Membrane rigidity, increased in budding virion
18, 36
Membrane protein (M)
general properties 5, 16, 18, Table 1-5
comparison with gag 164
on cytoplasmic side of bilayer 16, 25, 54,
70, Figs. 3-5, 3-12, 4-8
increases membrane rigidity 18, 36, 57,79
synthesized on free ribosomes 28, 71
Orthomyxoviridae 67, 68, 70, 71, 75,77, 79,
Table 4-1, Figs. 4-1, 4-5, 4-7, 4-8
immunofluorescence 71
hydrophobic regions 16, 70
Paramyxoviridae 45,47,48,51,54,57,60,62,
Table 31, Figs. 3-1, 3-2, 311, 3-12
crystalline aggregates 16, 54, 55, 57, Table
1-5, Fig. 3-5
immunofluorescence 48, Fig. 3-2b
role in persistence 62, 63
stabilizing NC 13
VSV 5, 16, 25, 28, Tables 1-2, 1-3, 1-5, 2-1,
Figs. 2-10, 2-11
absence of hydrophobicdomain 25,Table
21
association with
G 35,36
membranes 25, 28, 35, Fig. 2-2d
NC 28, 35, 36
basic sequence at amino-terminus 16, 25,
Table 1-3, 2-1
immunofluorescence of 28, 35, Fig. 2-2d
inhibition of transcription by 23, 25, 30
phosphorylation 25, Table 2-1
role in
membrane rigidity 36
NC coiling 13, 18, 30, 36, 40, Table
1-5, 2-1
virion shapes 25
self aggregation 36
synthesis on free ribosomes 28
three possible locations in virion Fig.2-11

15 Dubois-Dalcq ef al., Assembly

ts mutant of 35, 36
Membrane synthesis, Flaviviruses induced 139,
144, Figs. 8-13, 8-14, 8-16
Messenger RNA (mRNA), see also Transcription,
Translation and Table 10-1, Figs. 2-1, 2-10,
341, 44, 541, 61, 6-5, 7-2, 7411, 81, 8-9,
9-2, 913, 10-6
Alphavirus
genomic RNA as mRNA 121, Figs. 8-,
8-9
26s mRNA 122, 124, Figs. 8-1, 8-9
bicistronic Figs. 3-1, 4-1
cap transfer in influenza virus 5, 67
capping 47, 66, 83, Figs. 3-1, 4-1, 5-1, 137
caps 3,45, 67, 68, Fig. 2-1 ’
conserved sequences, rotavirus 173
Flavivirus, genomic RNA as mRNA 138-140,
Fig. 8-17
monocistronic in rhabdoviruses 22, 23, Fig.
2-1
non-polyadenylated, rotaviruses 173
oligonucleotide mapping, coronavirus
101
polyadenylation 47, 84, 101, Figs. 3-1, 41,
541, 7-2, 81
Alphavirus 122, Fig. 8-1
coronavirus 101, Fig. 7-2
poly(A) tail 45, 67
polycistronic
in Alphaviruses 122, Fig. 8-1
in retroviruses Fig. 9-2
retroviruses 18, 153—155, 158
splicing 5, 154, Figs. 4-1, 9-2
subgenomic 84, Fig. 9-2
coronaviruses 101—103, 105, Fig. 7-2
lacking in Flaviviruses 138
synthesis in Alphaviruses 13, 124, Fig. 8-1
MHUV, see Mouse hepatitis virus
Microinjection 20, 124, Fig. 3-2
Microtubules Fig. 11, see also Cytoskeleton
Microvilli 173
Middleburg virus 121
MMTV, see Mouse mammary tumor virus
Monensin 12, Table 14, effect on
cleavage, MPMV 166
glycoprotein transport 14, 32, 117, 134, 135,
166, Figs. 7-10, 8-6, 8-7
virus budding site 14, 32,117, 134, 135, Figs.
7-10, 8-6, 8-7
Monoclonal antibodies, see Antibodies
Morbilliviruses 44, 47, 51, Figs. 3-3, 34
Mosquito borne viruses
in Alphaviruses 120
in rhabdoviruses 21
Mouse hepatitis virus (MHV) 101, 108, Figs.
7-3,7-5 to 7-10
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E; and E, glycoproteins 103, Table 7-1
genome 101, Fig. 7-2
mRNAs 101, 102, Fig. 7-2
release from lower surface 113, Fig. 7-7

Mouse mammary tumor virus(MMTV) 58,149,
153—156, 160, 166,170, Tables 9-1 to 9-3, Figs.
9-1¢, 9-5, 9-6, 9-7, 9-11 b, 9-13 b

Mozambique virus, an arenavirus 92

MPMYV, see Mason-Pfizer monkey virus

mRNA, see Messenger RNA

MSV, see Murine sarcoma virus

MulLV, see Murine leukemia virus

Mumps virus 44, 46, 58, 60, Fig. 3-8

Murine leukemia virus (MuLV) 149, 153—156,
158, 160, 161, 163, 164, 166, 170, Figs. 9-1, 9-3,
94, 9-6, 9-12, 9-13, Tables 9-1 to 9-3

Murine rotavirus 171

Murine sarcoma virus 160, 164

Muscle cells, infected with alphavirus Fig. 8-3,
8-4

Mutants, see also Temperature sensitive mutants
Alphaviruses 125, 127, 131, 134, Fig. 8-3
ASV, defect in glycoprotein 166
coronavirus 117
Moloney MuLV 163
multiploid virus 18, 131, Fig. 8-3

Mutation, site specific 149

N, main structural nucleocapsid protein of
Arenaviridae 91, 92, Figs. 6-1, 6-2 b, Table 6-1
in nerve cells 95 °
on nucleocapsid 98
phosphorylated 92
synthesis on free ribosomes 92
Bunyaviridae 84,85,Figs. 5-1,5-3,5-4,Table 5-1
Coronaviridae 102, 103, 105, 108
phosphorylation 103, 105
several species 105
Orthomyxoviridae 67, 68, 71, 77, Table 4-1,
Fig.4-1
Paramyxoviridae 45—48, 51, 58, Table 3-1,
Figs. 3-2, 3-11, 3-12
Rhabdoviridae, VSV 21-23, Tables 1-2, 1-3,
Fig.2-10
association with nucleocapsid 26, 30
immunofluorescence Fig.2-2a
interaction with M protein and RNA 30,
35, 36,
regulation of replication 23
self assembly 30, Fig.24a
synthesis on free ribosomes 26
in #s mutants in N and M 35, 36
NA, see Neuraminidase
Nairovirus, a bunyavirus 83
NC, see Nucleocapsid

Ndumu virus, an alphavirus 121
NDV, see Newcastle disease virus
Negative staining.
Arenaviridae Fig.64a, b
Bunyaviridae Fig.5-5
Coronaviridae 101, Figs. 7-1, 7-4
Orthomyxoviridae 80, Fig.4-6
Paramyxoviridae Figs. 3-6, 3-10
Retroviridae Figs.9-1c, 9-11b and f
Rhabdoviridae Figs.2-42a,b and ¢, 2-9a and
b, 2-8 ¢
rotaviruses 179—181, Figs.10-1, 10-5
Togaviridae
Alphaviruses 126
Flaviruses 136, 137, 144—146, Fig. 8-11
Negative strand .
Genome, see virus genome
template, see template
virus families 3
Nerve cells, infected with
LCMV 95
measles virus 62, 63, Fig. 3-3
mumps virus 58, Figs. 34, 3-8
rabies Fig.2-5b
Tamiami virus Figs. 6-2a and ¢
VSV 40, Fig.2-52
Neuraminidase activity 44, 47, 70
Neuraminidase (NA) of Orthomyxoviridae 9,
12, 67, 70, 73, 75, Table 4-1, Fig.
4-1
Neuron cultures, see Nerve cells
Neutralizing antibodies, see Virus glycoproteins
Newecastle disease virus (NDV) 44—46, 50, 58,
60, Fig. 3-10
Nocodazole, a microtubule inhibitor, effect on
VSV infection 10
Non-arthropod borne togaviruses 120, 148
Non-structural proteins, see NS
NP, structural nucleocapsid protein of Arena-
viridae and Paramyxoviridae, see N protein
NS, non-structural proteins of (Table 1-2)
Alphaviruses 121-123, Table 8-1
Bunyaviridae 84, 85, Table 5-1
Coronaviridae 103, Fig. 7-2
Flaviviruses 138, 19, 144, 146, Figs. 8-11,
8-12, 8-17
Orthomyxoviridae, see NS; and NS, proteins
Rhabdoviridae VSV 21-23, 25,26, 30, Table
241, Figs. 2-1 ¢, 2-10
NS, and NS, proteins, in Orthomyxoviridae
67, 70, 71, Tables 1-2, 1-3, 4-1, Figs. 41,
4-2,4-4
NS 14, 35 and 200, in Coronaviridae Table
1-2, Fig. 72
NS 28, non-structural protein of rotavirus 175,
178,179, Table 10-1
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NS 60, 70, 72 and 86, in alphaviruses, 121,
Tables 1-2, 8-1
Nuclear cistern Fig. 1-1, budding in
Alphaviruses, invertebrate cells 135
coronaviruses Fig. 7-6
Flaviviruses 139
plant rhabdoviruses 32
rotaviruses 179
Nuclease 46
Nucleation site, in TMV 30
Nucleocapsid (NC) 1
alignment 58
assembly
in A particles, see under A particles
coordinated with budding 12, 140
independent of budding 12, 140
in vitro 12, 30, 108, 126, 140
site, Table 1-1
binding
to normal membrane proteins 35
to virus glycoprotein 14, 16, 32, 35, 36
coiling 18, 40, 60, 81
loose coils
retrovirus 170, Figs. 9-11f, 9-12
thabdovirus 13, 32,41, Figs. 24 b and c,
2-5a,2-8b
role of M protein
rhabdovirus 18, 30, 36, 40, Table 2-1,
Fig. 211
paramyxovirus 13
role of salt 18, 30, 40, 51, 80
tight coil in VSV 13, 30, 40, Figs. 2-82, b
and ¢
electron dense crescent, in retroviruses 149,
163, Figs. 9-7b, 9-9¢, 910 a
fixation, in Alphaviruses 126
Flavivirus 140, 141
formation, Alphavirus 126
fuzzy, in cytoplasmic inclusions of measles
and CDV infected cells 51, Figs. 3-3, 3-4
inclusions, see under Inclusions
interaction with membrane 14,16,23, 35, 36,
125, 127—134, Table 1-5, Figs. 84, 8-6, 8-8
interaction with spikes, Alphavirus 122,124,
127,131-135
isolation .
Alphavirus, non-infectious 121, 126
Flavivirus 140
retrovirus 170
VSV 30, Fig. 24
main structural protein of 5, 23, 26, Tables
1-2, 21, 3-1, 41, 5-1, 6-1, 7-1, 8-1, 8-2, 9-1,10-1
modification after release 64, 113, 131
pH-induced conformational changes
Alphaviruses 126
coronaviruses 109, 113

15*

precursor, Alphavirus 126
Rotaviridae, see under Capsid, Rotaviridae
rubivirus 148
smooth, in measles virus 51, Fig. 3-3
structure 13, Table 1-1
bullet-shaped 21, 41
circular 89, 91
filamentous 13, 51, 90, 96, Figs. 6-2 ¢, 6-3 ¢
and d, 6-4a and b
strings of beads, arenavirus 98, Figs.
6-4b and c, 6-6
symmetry, Table 1-1
complex 170
cubic
Flaviviruses 136, 140, Fig. 8-18
non-arthropod borne togavirus 148
Pestiviruses 148
Rubiviruses 147
helical 13,18
coronaviruses 103, 109, Figs.7-4 to 7-6,
7-8
influenza virus 80, 81
paramyxoviruses 51, 65, Figs. 3-3, 3-12
rhabdoviruses 30, 41, Figs.24 b and ¢
icosahedral 13,18
Alphaviruses 120, 121, 126
template for polymerase 26
transport to membranes, Alphavirus 126
ts mutant in NC synthesis 36
Nucleocapsid protein, see NP
Nucleosomes, in arenavirus nucleocapsid 98
Nucleotide sequence
homology within
arenaviruses 91
Flaviviruses 138, 140
specific site for protein binding
Alphavirus C protein 126
Alphavirus polymerase 121
Nucleotide sequencing, of viral genome
Alphaviruses 123
coronaviruses 104
Flaviviruses 138, 139
rotaviruses, conserved sequence in genome
segments 173,177
VSV 23, 25, Fig. 2-1
Nucleus
cistern, see under Nuclear cistern
measles NC in 51
role in replication of
Alphaviruses 122,135
Arenaviridae 3,91
Bunyaviridae 84
Orthomyxoviridae 5, 68
virus proteins in 5, 71, 75,179
NV,, Flavivirus non-structural
protein 138, 144—146, Figs. 8-11, 8-12
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Octyl-glucoside, effect on VSV virion 40,
Fig.2-8 ¢
O-glycosidic linkage, see Glycosylation
Oligosaccharides, see Glycosylation
Oncogenes, in retrovirus genome 153
Orbivirus 171,177
Orthomyxoviridae 1,3,5,10,12, see Chapter 4
and Tables 1-1 to 1-3
budding in polarized cells 14, Fig.14a
M protein 16, Table 1-5
post-release maturation 19
virus shape 18
Overlapping reading frames 46, 70, Fig. 4-1

P gene of Paramyxoviridae 46
P protein
non-phosphorylated protein of Arenaviridae
92, Table 6-1
phosphorylated protein of Paramyxoviridae
45, 47, 48, Fig.3-11, Tables 1-2, 1-3, 3-1
p10 protein, Tables 1-2, 9-1
envelope associated, in murine B retroviruses
genome associated, in avian C retroviruses
and murine C retroviruses
pl2 protein, genome associated avian C retro-
viruses Tables 1-2, 9-1
pl4 protein, genome associated murine B retro-
viruses Tables 1-2, 9-1
p15, Table 1-2
genome associated in MuLV and ASV 164,
Table 9-1, Fig. 94
protease of avian C retroviruses 153, 155,
Table 9-1
PI5E, envelope associated, murine C retro-
viruses 154, 158, 164, 166, 170, Table 9-3,
Figs.9-3,94d
p27, main structural nucleocapsid protein of
avian C retroviruses Tables 1-2, 9-1
p28, main structural nucleocapsid protein of
murine B retroviruses 155, Tables 1-2, 91,
Fig.9-5
p30, main structural nucleocapsid protein of
murine C retroviruses, Tables 1-2, 9,
Fig.94a
visna virus 156, Fig.9-10 a
p62, precursor protein of E2—E3 alphaviruses
123—-125,127,131—134, Tables 1-2, 1-3, Fig. 8-9
p65 gag, in MuLV 153, Table 9-1
p76 gag, in ASV 153, Table 9-1
p77 gag
cleavage Fig.9-6
in intracytoplasmic A particles 160
in MMTV 153, 156, Table 9-1,
cleavage Fig.9-6
p80 pol, in MuLV Table 9-2
pl00 pol, in MMTV 160, Table 9-2

pl180 gag-pol, precursor of active reverse tran-
scriptase 154
PA1 protein, polymerase of Orthomyxoviridae
67, 68, Tables 1-2, 4-1, Figs. 4-1, 4-7
Packaging
defective in mutant of Moloney MuLV 163
specific sequence
in retrovirus RNA 14,163
in rotavirus RNA 173
Pactamycin, mapping studies, in Flaviviruses
142
Parainfluenza viruses 44
Paramyxoviridae 1, 3, 68, Chapter 3, Tables 1-1
to 1-3
budding in polarized cells 14
NC assembly and structure - 12,13
post release maturation 19
virus shape 18
Paramyxoviruses 44, 47
PB1 protein, polymerase of Orthomyxoviridae
67, 68, Table 4-1, Figs.4-1, 4-7
PB2, polymerase of Orthomyxoviridae 67, 68,
Table 4-1, Figs. 4-1, 4-7
Penetration of viruses into cells, see also Virus
receptor, fusion 70, 173, Figs. 3-11, 4-7
Peplomers, see under Spikes
Permissive cells, for Alphaviruses 129—131
Peroxidase, see Immunoperoxidase
Persistent infection with
LCMV 90
measles virus 62, 63
Sendai virus 65
Pestiviruses, see 1, 3,120, 148, Chapter 8
Phenothiazine, inhibition of measles virus
budding by 58
Phlebovirus 83, Fig.5-2
Phosphatidic acid and phosphatidyl-inositol,
binding to M protein of VSV 25
Phospholipids, in virus envelope 3, 25
Phosphorylated proteins, see #nder P protein,
ppl2, p19, pp21
Phosphorylation 5, 13, Table 1-3
in genome binding proteins 12, 68, 71, 103
to 105, 164
of NS and M proteins of VSV 25, Table 2-1
in retrovirus 153
Photobleaching, see Membrane fluidity
Pichinde virus, an arenavirus 90—92, Figs. 6-1,
6-3 c, 6-4, Table 6-1
Plasma membrane isolation, in VSV infected
cells 35
Platinum replicas 20, see also Freeze-fracture
Friend leukemia virus cores Figs.9-10 b,
9-11a
of measles virus infected membranes 54,58,
Fig.3-6a
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of Sendai virus
Fig. 3-5, inset
surface replicas of VSV infected cells Fig. 2-7,
lower inset
Pneumonia virus of mice 44
Pneumovirus 44, 47
pol gene, polymerase or reverse transcriptase
of Retroviridae 3, 151, 153, Table 9-2,
Table 9-2, Fig.9-2
active in virion 168, Fig. 9-13
small number in virion 154
two subunits in ASV 154, Table 9-2
Polarized cell, see also Madin Darbey canine
kidney cells and Budding sites
influenza virus budding 75, Fig.14a
tight junctions in 32
VSV G transport to basal pole 32
Poly(A) tail, see Messenger RNAs
Polyadenylation, see Messenger RNA
Polymerases, (RNA dependent RNA polymera-
ses) see also L proteins 3, 5, Table 1-2
Alphaviruses 121-123, Figs. 8-1, 8-9
Arenaviridae see under L protein
Bunyaviridae, see under L protein
Coronaviridae 103, 115, Figs. 7-2, 7-11
Flaviviruses 138, 139, Fig.8-17
Orthomyxoviridae, see under PA,PB1 and PB2
Paramyxoviridae, see #nder L protein
Retroviridae, see under pol
Rhabdoviridae, see under L protein
rotaviruses 173, Fig.10-6
Polypeptide chain Fig.1-2a
cleavage, see under Proteolytic cleavage
conformation, role in transport 28, 29
nascent Fig.1-2
Porcine enteropathic coronavirus 101, 113
Positive strand virus families 3, Chapters 7, 8
Post-release maturation of virions, see Virions
Post-translational modifications 2,12,
Table 1-3, see also Glycosylation, Acylation,
Sulfation, Proteolytic cleavage
ppl12, phosphoprotein of murine C retroviruses
155, Tables 1-2,1-3, 9-1
ppl9, phosphoprotein of avian C retroviruses
153, 164, Tables 1-2, 1-3, 9-1
pp21, phosphoprotein of murine B retroviruses
Tables 1-2, 1-3, 9-1
Pr15E Fig.9-3
P63 enw, unglycosylated protein of ASV 158
P92 env, glycoprotein of ASV 154, 158,
Table 9-3
Pr130, Prl40, Pr150, Pr160, Pr180, precursors of
reverse transcriptase or pol Table 9-2
Precursor proteins 10, 14, Tables 1-2,1-3
Alphaviruses 121, 122,127, Fig.8-9
bunyaviruses 85

infected membranes 54,

retroviruses (env, gag, pol) Tables 9-1, 9-2,
9-3
Primer
model of coronavirus RNA synthesis 102,
103
for tRNA, in retroviruses 151
Protease
of Alphaviruses 123, Table 8-1
cellular
acting on F of Paramyxoviridae 50
acting on gag and ery, in MMTV and
MulV 155,158, Fig.9-6
treatment, Paramyxoviridae 50
virus encoded 153, Table 9-1
Protein kinase acting on p65 gag 155
Proteolytic cleavage 10, Table 1-3, see also indivi-
dual protein names
in Alphaviruses 14, 121-124, 127-129,
131-134, Fig. 8-6, 8-9
coronavirus E2 104, 106—108, 113
env of retroviruses, see env
F, of paramyxoviruses 50
gag and pol proteins in
retroviruses 10
HA of influenza virus 75
HN of paramyxoviruses 50
of non-structural proteins, Alphaviruses 121,
123
of polyproteins, Alphaviruses and Flaviruses
139, 140
of VP, and VP, rotaviruses 174—176
Provirus, in retroviruses 151, Fig. 9-2
Pseudotypes 12,16, 117
between Alpha- and other viruses 135
between Alphaviruses 125,135
between retroviruses and rhabdoviruses
164
between rhabdo- and paramyxoviruses 57
Pseudotypic paradox 16
Pulse labeling experiments in
Alphaviruses 124
coronaviruses 105, 106
Flaviviruses 137, 140
Punta Toro virus, a bunyavirus 89, Fig.5-2

Rabies virus 21, 41

antigen variation 25

Canyon virus 41

Ethiopian canine Fig.2-6

Mount Elgon bat 41, Fig.2-5b

spikes in Klamath strain Fig.2-9b

in warm-blooded animals 21
Reassortants, genetic 3,12, 79, 91,173, 177
Receptors for

virus 113,173

virus proteins, G of VSV 25
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Receptosome, see #nder Endosome
Recombination, genetic
in retroviruses 151, 153
in rotaviruses 177
Reoviridae 171
Reoviruses 171,177
Replicas, see Platinum replicas
Replicase, VSV Table 2-1, see polymerase
Replication 3, see also RNA, Viral genomic and
Template
of Alphaviruses 121, 122, Figs. 8-1, 8-9
of Arenaviridae 91, Figs. 6-1, 6-5
of Bunyaviridae Figs.5-1, 5-3
of Coronaviridae 102, 103, Fig.7-2, 7-11
of Flaviviruses 137, 138, Fig. 8-17
of Orthomyxoviridae 67, 68, Figs.4-1, 4-7
of Paramyxoviridae 45, 46, Fig. 3-1
of Retroviridae Figs.9-2, 9-13
of Rhabdoviridae 22, 23, 35, Table 2-,
Figs.2-1, 2-10
of rotaviruses 173,176
Respiratory syncytial virus (RSV), a paramyxo-
virus 44, 47
Retroviridae 1, 3, Chapter 9, Tables 1-1 to 1-3
budding
interferon effect 16, 18
in polarized cells 14
protein cleavage 14
lipid binding proteins 16, see also p10, pl5,
pp19
post-release maturation, see Virion
protease 10
selective packaging 14
virus shape 18
types
A 160
B 160, 166, 168, Table 9-1 to 9-3
C 13,160, 161, 166, 168, Tables 9-1 to 9-3,
Figs.9-8, 9-9, 9-12, 9-13 a
D 160, 166, 168, Fig.9-13b
Reverse transcriptase, see pol (polymerase)
Rhabdoviridae 1, 3, 5, Chapter 2, Tables 1-1 to
1-3
budding in polarized cells 14, Fig.14 b
interferon 18
M protein 16, Table 1-5
NC assembly 12,13
selective packaging 14
tunicamycin 10
virus shape 18
Ribonucleoprotein, see #nder nucleocapsid
Ribosomal RNA, in arenaviruses 90
Ribosomes
in Arenaviridae 18, 90, 91, 95, 96, Figs. 6-2,
6-3d, 6-5, 6-6
ER bound 2, 48, 106, 124, 175

free, proteins synthesized on 26, 48, 71,105,
124,175
Rifampicin, effect on replication 84
Rinderpest viruses 44
RNA, viral genomic, see also Virus genome
chain elongation 30
circular structure, arenaviruses 91, Fig. 6-4 c
double stranded, rotavirus 171
encapsidation, VSV 23, 30
extracistronic region 21, VSV 22, Fig.2-1
messenger, see #nder messenger RNA
replicase, positive strand,
in Alphaviruses 121, 122, 131, Fig. 8-1, 8-9
in coronaviruses 103, Fig.7-2
in Flaviviruses 138, 144, Fig. 8-17
retroviruses 149, 151, Fig. 9-2
A Particles 160
RNA primer 151, 154
RNA binding proteins
Alphavirus C protein 122
Flavivirus V, protein 139, 140
RNA-dependent RNA polymerase, see Poly-
merase
RNA directed DNA synthesis, in retroviruses 149
RNA polymerase, see Polymerase
Rotatubes 179, Fig.10-5
Rotaviruses Chapter 10
Rough endoplasmic reticulum, see Endoplasmic
reticulum
Rous sarcoma virus 135
Rubella virus, a rubivirus 120, 147, 148
Rubiviruses 120, 147, 148

S gene
of Arenaviridae 90, 91, Figs. 6-1, 6-6
of Bunyaviridae 84, Fig. 5-1, Table 5-1
SA11, see Simian rotavirus
Saint Louis encephalitis virus, a Flavivirus
Fig. 8-14
Scanning electron microscopy
of coronavirus infected cells Fig.7-7
of visna virus Fig.9-9a
of VSV Fig.2-7
SCEF, see Soluble complement fixing antigen
Secretion
of proteins 5, 28, 111, 113, Fig.1-2 b
of virions
Alphaviruses 131, 135
Bunyaviridae 87, Fig.5-3
coronaviruses 111-113, Fig. 7-11
Flaviruses 144, Fig. 8-17
rotaviruses 179, Fig.10-6
Segmented genome 3
small and large segments (Arenaviridae)
Fig. 6-1
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small, medium and large segments (Bunya-
viridae) Fig.5-1
8 segments (influenza virus) 66, Fig.4-1
11 segments (rotaviruses) 171,173,177,
Fig.10-6
Semliki Forest virus, an Alphavirus
Figs. 8-2, 8-3 a, 84, 8-5b, 8-6 to 8-10
Sendai virus, a paramyxovirus 44—48, 50, 54,
57, 58, 60, 75, Figs. 34, 3-5, 3-11
SHA, see Slowly sedimenting hemagglutinin
Sheep choroid plexus cells, infected with visna
virus Figs.9-1b, 9-9
Shell
concentric, in retroviruses 164
core, see under Core shell
inner, rotaviruses, see Capsid
outer, rotaviruses, se¢ Virion, double shelled
Shift, antigenic, in influenza A virus 66
Sialic acid, see Virus glycoproteins or glycosyla-
tion
Signal peptidase 5, 10, 71, 85, Fig.1-2
Signal peptide 5, 7, Fig.1-2 a, see also Virus gly-
coproteins
cleavage 5,7, Fig.1-2a, 85
in G protein 25, 85
in glycosylated gag 158
insertion 5, Fig.1-2a
in p62, Alphaviruses 123, 124, Fig. 8-9,
Table 8-1
Signal recognition particle 124
Simian rotavirus (SA11) 171, Table 10-1,
Figs.10-2, 10-3, 104, 10-6
Simian virus, a paramyxovirus 5, 44, 50
Sindbis virus, an Alphavirus 121-123, 126, 135
SLE virus, see St. Louis encephalitis virus
Slowly sedimenting hemagglutinin (SHA), of
Flavivirus 144, Figs. 8-11
Smooth nucleocapsids, see Nucleocapsid
Smooth vesicle, see Vesicles
Snow shoe hare virus, a bunyavirus 84
Soluble complement fixing antigen (SCF), in
Flavivirus 146, Fig. 8-12
Spikeless virions 35, 73, 111
Spikes 16, 44
Alphaviruses 121,122,124,125,127,129,134,
135, Figs. 8-2, 8-6, 8-7
Bunyaviridae Figs.5-4, 5-5
club shaped 80, 101, Fig.4-8
coronaviruses 101, 104—108, 111, Figs.7-1,
7-11
Flaviviruses 137,139, Table 8-2, Fig. 8-18
Influenza virus Figs. 4-5, 4-6, 4-8
number of glycoprotein molecules 10,170
Paramyxoviridae 44, Fig. 3-10
regular lattice
in Alphaviruses 121,127

121, 123,

in arenaviruses 90, 98, Table 6-1,
Figs. 64 a, 6-3 d, 6-6
in Uukuniemi virus 89
removal from virion by proteases 104
retroviruses 154, 164, 166, Tables 9-3, Figs.
9-1band ¢, 9-8d,9-9a and ¢
MMTV 170, Figs.9-1¢, 9-11b
MuLV 170, Figs.9-11c and d
visna virus 163, Figs. 9-3, 9-9 ¢
rhabdoviruses, honeycomb 25, 35, 41, 42,
Figs.2-7, 292 and b, 2-11
rubiviruses 147
Splicing, see messenger RNA
SSPE, see Subacute sclerosing panencephalitis
(SSPE) .
Subacute sclerosing panencephalitis (SSPE) 60,
65, Fig.3-3
Succinyl-Con A, see Con A
Sulfation, of virus proteins 12, 73, Table 1-3
Surface antigens, see Antigens
Surface knobs, see also Spikes Fig.2-7
Surface projection, see Spikes
SV, see Simian Virus 5
SV, vector 20
expression of HA in polarized cells 14
transfection, see #nder Transfection

Tacaribe virus, an arenavirus 90-92,
Table 6-1
Tamiami virus, an arenavirus 90, 92, 95,
Table 6-1, Figs.6-2a, 6-2 ¢, 6-3d
Temperature-sensititve (ts) mutants of 12
Alphaviruses 125,127,128, 131
Avian sarcoma viruses 166
coronaviruses 117
influenza virus, HA gene Fig.1-3b
MulV, gag gene, accumulation of gag 164
Sendai virus 65
VSV, see also pseudotypes
G gene, group V and ts045 28, 32
pseudotype with env 35, 164
M gene, ts031 35
pseudotype with gag 164
N gene 35, 36
Template
antigenome 45, 68, 84
for mRNAs in retroviruses 151
negative strand
in Alphaviruses 13,121,122, Figs.8-1, 8-9
in coronaviruses 103, Fig.7-2
positive strand, in rhabdoviruses 22, 25, 26,
Table 2-1, Fig. 2-1
TGEYV, see Transmissible gastroenteritis virus of
swine
Thermolability, of coronaviruses 105
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Thiamine pyrophosphatase, in Golgi Figs.7-3,
8-7
Tick-borne encephalitis virus, a Flavivirus 136
Tight junctions, see polarized cells
Tobacco mosaic virus (TMV) and N protein
disks of VSV 30
Togaviridae 1,3,13,14,18,Chapter 8 and Tables
11 to 1-3
Transcriptase 85,122, Table 2-1
Transcription
Alphaviruses 121,122, Figs. 8-1, 8-9
Arenaviridae 91, Figs. 6-1, 6-5
Bunyaviridae Figs. 51, 5-3
Coronaviridae 101-103, Fig.7-2
Flaviviruses 138, Fig. 8-17
Orthomyxoviridae Fig.4-1
cap transfer 67
intranuclear 68
poly (A) addition site 67
Paramyxoviridae 45, 46, Fig.3-1
Rhabdoviridae 21-23, 25, 26, Table 2-1,
Figs.2-1, 2-10
inhibition by M protein 23, 30, Table 1-5
in vitro requirements 26
stimulation by LA protein 23
Rotaviridae 173, Fig.10-6
Transfection, with cloned viral gene 20
influenza virus
HA and NA genes 73
N gene 71
VSV G and N genes 26, 28
Translation, cell free
Alphaviruses 124
coronaviruses 102, 103, Fig. 7-2
Flaviviruses 139, 140
rotaviruses 173
Transmembrane interaction between virus com-
ponents 14,16, 51, 54, 127
Transmembranous glycoproteins 25,47,50, 54,
70, 71,103, 104, 123, 124
Transmissible gastroenteritis virus of swine
(TGEV), a coronavirus 101
Transport
of virus glycoproteins, see Virus glycoproteins
of viruses, see vesicles
Triton X, effect on VSV 40, Fig.2-2
Trypsin, arrest of Alphaviruses budding 134
ts mutants, se¢c Temperature sensitive mutants
Tubular assemblies, in cells infected with
Alphaviruses 135, Fig. 8-8
coronaviruses 117, Fig. 7-10
Flaviviruses 144, Fig. 8-16
rotaviruses 179, Fig.10-5
Tunicamycin, effect on, Table 1-4
glycosylation of
E2 of coronavirus 111

G of VSV 28
HA and Fo in measles virus 50
HA and NA in influenza virus 73
HN and Fo in NDV 50
VP7 and NS28 of rotaviruses 178
virus infectivity 73, 111
virus maturation 111, 117, 178, Fig.104
Type 1 cytopathic vesicles (CPV-1) in
Alphaviruses 115, 131, 144, Fig. 8-5
coronaviruses 115, 131, Fig. 7-9
Flaviviruses 115, 131, 144, Figs. 8-13, 8-14
Type 2 cytopathic vesicles (CPV-2), in Alpha-
viruses 134,135, Figs. 84, 8-8

UTP pool, in activation of sugars, see Glycosy-
lation

Uukuniemi virus, a bunyavirus 84, 89

Uukuvirus, a bunyavirus 83

V proteins, see C protein
V,, envelope protein of Flaviviruses 138, 139,
144, Tables 1-2, 8-2, Figs. 8-11. 8-17, 8-18
V), nucleocapsid protein of Flaviviruses
139—142, Tables 1-2, 8-2, Figs. 8-17, 8-18
V3, glycoprotein of Flaviviruses 138, 139, 140,
144, Tables 1-2, 8-2, Figs. 8-11, 8-17, 8-18
Variant rotavirus, non-glycosylated VP7 178
Vector, see under SV 4, vector
Vector species 120
Vectorial discharge, of polypeptide 71, 72
VEE, see Venezuelan equine encephalitis virus
Venezuelan equine encephalitis virus (VEE), an
alphavirus 121
Vero cells infected with
a phlebo virus Fig.5-2
measles virus 50, Fig. 3-7
mumps virus Fig. 3-8
Vertebrate cells
Alphaviruses in, 120, 121, 124, 127, 134, 135,
Figs. 8-2 to 8-8
Flaviviruses in, 142,143, Figs. 8-12 to 8-16
Vertebrate host 121
Vesicles, see also Type 1 or Type 2 cytopathic
vesicles
fusion with plasma membrane 10, see also Se-
cretion
intracellular vesicles, Alphavirus infected
cells 131, 135
smooth vesicle 3, see also Endosome
transport of glycoproteins, see Virus glyco-
proteins
transport of viruses
coronaviruses 19, 111-113, Fig. 7-11
Flaviviruses 144, Fig.8-17
rotaviruses 179, Fig.10-6
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Vesicular stomatitis virus (VSV) 21, Chapter 2
budding in
enucleated cells 135
polarized cells Fig.14b
Indiana and New Jersey strains 28
NC structure 30, 32
pseudotypes with env 164

Vesiculovirus, a genus of Rhabdoviridae 21
Video-intensification, Nomarski 20
Virion

Arenaviridae 90, 91, Figs. 6-3 d, 64 a, 6-6
bacilliform, in rhabdoviruses 21, 41,
Figs.2-5 a, 2-7, 2-9, 2-11
defective 19
double shelled, rotaviruses 171,177,178,181,
Figs.10-1, 104 to 10-6
filamentous 18, 79
host proteins in 35
immature
coronaviruses 111
rota- and orbiviruses 171,177, 178,
Figs.10-3, 104, 10-6
infectious and non-infectious 19, 36, 144
mature, coronaviruses 111—113, Figs.7-7,
7-11
multiploid 18, 131, Fig. 8-3
pleomorphic 101
post release maturation 19
coronaviruses 109—111
orthomyxoviruses 81
paramyxoviruses 64, 65
retroviruses 19, 149, 164, 170, Fig.9-7b,
inset, 9-11 c and d, 9-12, 9-13
shape 79, 83,171,179, 182, Table 1-1,
Figs. 3-10, 4-5, 4-6, 4-7, 10-1, 10-6
size 83,101,115, 171, 182, Table 1-1
spherical
Alphaviruses 121, Fig. 8-10
Bunyaviridae 83
Flaviviruses 135, Fig. 8-18
non-arthropod borne togaviruses 148
pestiviruses 148
rubiviruses 147
Viroplasm, in rotavirus infected cells 177, 179,
Figs.10-2, 10-3, 10-6
Virulence, role of G protein in Rhabdoviridae
25
Virus attachment protein in Flaviviruses 139
Virus budding, see also budding site
Alphaviruses 126—129, 131135, Figs.8-2,
8-5, 8-9
Arenaviridae 95, Fig.6-3 ¢
coronaviruses 104, 106, 109—111, Figs.7-5 to
7-7, 7-10, 711
concanavalin A, effect on 36, 79
defective, see Defective assembly and budding

effect of ionic strength on Alphaviruses 134
effect of monensin on, se¢ Monensin
effect of tunicamycin on, see Glycosylation,
inhibitors
exclusion of host protein, see Host proteins
Flaviviruses 140—144, Figs. 8-13, 8-14, 8-15,
817
force governing 18, 36, 40, 57
Orthomyxoviridae 57, Fig.3-7
Paramyxoviridae 77, Fig.4-5
pestiviruses 148
Retroviridae 161, 164, 166, Figs. 9-7 b, 9-8,
9-9, 9-10 a, 912, 9-13
Rhabdoviridae 32,40, Figs. 2-5, 2-6, 2-8, 2-10
role
of cystoskeleton in 40, 58, 111 -
of membrane rigidity in 18, 36
rotaviruses 177—178, Figs.10-3, 104, 10-6
rubiviruses 147—148
synchronized
in Alphaviruses 134
in a retrovirus ts mutant 164
Virus DNA, see Provirus
Virus entry, see also Fusion 3,19, 173
by clathrin coated pits 3, 121, Figs. 2-10, 4-7,
8-9
by fusion oracid pH 3, 75,121, Figs. 3-11, 4-7
Virus envelope 1,5
Alphaviruses Fig. 8-10
assembly 16, 35, 51, 103—-105, 111, 127—-129,
177
coronaviruses Fig.7-12
Flaviviruses Fig.8-18
fluidity, Alphaviruses 125, 127
fusion with endosomal membrane, see Fusion
glycoproteins, see Virus glycoproteins and
Table 1-2
host proteins 35
lipids 1, 2, 36,178
NC binding 124
proteins 14, 25, Tables 1-2, 2-1
pseudo envelope
orbiviruses 171,177
rotaviruses 171, 177—179, Figs.10-3, 104,
10-6
rigidity 18
spikes, see Spikes
symmetry, Alphavirus 121,127
Virus genome 1, 3, Table 1-1
Alphaviruses 121,123,126,135, Figs. 8-1, 8-10
Arenaviridae 90, 91, Fig. 6-1
Bunyaviridae 83, Fig.5-1
Coronaviridae 101,103, 108, Figs.7-1, 7-1
defective 19, 60
double stranded, rotaviruses 173
encapsidation 1, 10, 45
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Flaviviruses 137, 138, Fig. 8-18
number of segments 66,67,83,173,Table 11,
Table 441
Orthomyxoviridae 66, Fig.4-1
packaging, see under Packaging
Paramyxoviridae 45, Fig.3-1
polarity
negative strand 3, 21, 45, 66, 83
positive strand 3, 101, 121, 137, 138, 147,
149, 153, Table 1, Figs. 8-1, 8-18
polyadenylated, capped 45, 101, 121, Fig. 3-1
Retroviridae
diploid, positive strand 149
integrated in host DNA, circular, super-
coiled Fig.9-2
pseudotypes 164
3 genes 151,153, Fig.9-2
Rhabdoviridae Fig.2-1
defective, see DI particles
encapsidation by N 30, Table 2-1
extracistronic region 21
NS interaction with 26
segmented, see under Segmented genome
size 3,45, 66, 83,101
Virus glycoproteins, see also individual glyco-
proteins by name
acylation, see under Acylation
anchorage 104,123
clustering and patching 18, 30, 54, 58,
Figs.2-3 b, 3-5
complexes, Alphaviruses 123—125,127
conformational change, Alphaviruses 121,
134
cytoplasmic domain 16
Alphavirus E,or pE,, interaction with
C protein 122-123, 125,127
coronavirus E1 101, 111
lack of, in rotavirus VP7 179
Orthomyxoviridae 73, Fig.4-3
Paramyxoviridae 50, Fig.3-12
dimers 47,104, 127
disulfide bonds 47,138
external domain 16, Fig.1-3 a
coronavirus E1 103, 104
Flavivirus 137, 139, 140, Fig. 8-18
glycosylation, see Glycosylation
Golgi stage 9,10, 50
halt-transfer signal on polypeptide chain 7,73
hydrophilic domain 7
hydrophobic domain 7, 16, 50
interaction with other viral glycoproteins,
coronaviruses 104
lateral mobility 36
at membrane Figs.1-3 b, 2-3 b, 3-2d,3-7, 3-8,
4-2d, 4-5,7-3, 82
multimers in spikes 10, 16, 70, 127, 154

mutations, see also temperature sensitive mu-
tants 131—134
neutralizing antibodies, see also antibodies
Alphavirus E, glycoprotein 123
coronavirus 104, 106
G of VSV 25
rotavirus VP7 glycoprotein 174,
Table 10-1
proteolytic cleavage, see under Proteolytic
cleavage, Virus glycoproteins
role in budding site 14, 32, 104—106
signal peptide 5,71
synthesis on ribosomes, see also Endoplasmic
reticulum 5, 48, 71, 85, 105, 106, 124, 134,
175,176, Figs.1-2 a, 4-3
tetramer 70 :
transport see also Golgi apparatus 2, 5,10,13,
Tables 1-3, 14, Figs.1-1,1-3a and b
Alphaviruses 124, 125,127,129, 134, 135,
Figs. 8-2, 8-6, 8-7, 8-9
Arenaviridae Fig. 6-5
Bunyaviridae Fig.5-3
Coronaviridae 105, 106, 111, Figs. 7-3, 7-11
Flaviviruses 141, 142, Fig. 8-17
Orthomyxoviridae 73, 75, Fig.4-7
Paramyxoviridae 48, 50, Fig. 3-11
Retroviridae 28, Figs.2-2, 2-10
Rotaviridae 175,176, 178, Figs.10-2, 10-6
trimer 70
Virus proteins, see also Virus glycoproteins, Virus
envelope, Membrane proteins, Non-struc-
tural proteins and proteins by name
5, Table 1-2
Alphaviruses 122, Table 8-1, Fig. 8-10
conformational changes, pH dependent 109
126
coronaviruses 103—105, Table 7-1, Fig.7-12
Flaviviruses 139, Table 8-2, Fig. 8-18
genome associated Table 1-2
Alphaviruses 122,123, 126, Table 8-1
Flaviviruses 139, Table 8-2
outer capsid, rotavirus 172—174, 177, 178,
Table 10-1, Fig.10-6
phosphorylation, see #nder Phosphorylation
47,71
processing, see Acylation, Glycosylation, pro-
teolytic cleavage, Phosphorylation, Sulfa-
tion
Rubiviruses 147
synthesis 2,5
transmembrane interaction 51, 54, 70, 127
Virus release 19
Alphaviruses 131
Bunyaviridae 87
contractile process 19, 57
coronaviruses 106, Fig. 7-11
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enzyme cleavage 19,166
exocytosis 87
Flaviviruses 144, Fig. 8-17
Orthomyxoviridae 79, 80
Paramyxoviridae 58, 64
rotaviruses 179, Fig.10-6
Visna virus, a lentivirus 149, 156, 160, 163, 164,
Figs.9-1b, 9-9,9-10a, 9-11 e
VPI, rotavirus inner shell protein 174,
Table 10-1
VP2, rotavirus inner shell protein 174,
Table 10-1
VP3, rotavirus outer shell protein 175,
Table 10-1

VP6, rotavirus inner shell protein 174,177,
Table 10-1

VP7, rotavirus outer shell glycoprotein 174,
175, 178, Table 10-1, Figs.10-2, 10-4, 10-6

VP9, rotavirus outer schell protein 175,
Table 10-1

VSV, see Vesicular stomatitis virus

Western equine encephalitis virus (WEE) 121,
123, 135, Figs. 8-3 b, 8-5

X-ray crystallography of proteins 70

Yellow fever virus, a flavivirus 136, Figs. 8-13,8-15
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